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ABSTRACT 

This research was concerned with the clarification of 
the role that the external representation process (e.g. drawing) 
plays in children's solving of complex arithmetic problems. Fourteen 
children in the 10- to 12-year-old age range were asked to represent 
and solve five complex arithmetic problems (three ,;ith temporal 
organization of data, two with spatial organization) . The analysis of 
the representation process in relation to problem solving revealed 
that; (1) the older children had more ability to represent and to 
illustrate the relations between the data of the problem; and (2) 
discursive representation (reformulation of the problem by the child) 
seemed easier in the problems that called into play a temporal 
organization. The significance of these results for research in the 
area of problem solving in the teaching of mathematics is discussed. 
(Author/YP) 
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ABSTEIACT 

Recent studies have attempted to identify external representations 
(drawing, pictures...) that help children in solving problems. Difficulties 
encountered by t "ildren in the interpretation of these external 
representations, and the fact that they do not use them to solve 
arithmetic problems, have led us to ask wheJier is would not be 
preferable to investigate how students choose and then work with their 
own representations during the process of problem resolution. 



Our research is concerned with the clarlflcatlon of the role that this 
external representation process plays in children's solving of complex 
arithmetic problems. 

Children in the 10 to 12 year old age range were asked to represent 
and solve complex arithmetic problems. The analysis of the 
representation process in relation with problem solving revealed that the 
role of this activity of external representation is closely related to the 
grade level and to the type of problem presented. 

The significance of these results for research in the area of problem 
solving in the teaching of mathematics will be discussed. 
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AIMS 

A number of teachers take for granted that Ihe activity of external 
representation of a problem (that may tak^ several forms: discursive, 
graphic,...) constitutes a support in problem solving activity. On the 
other hand, there is little confirming this evidence, this aspect having 
been little studied. 



Our study seeks to: 

Better grasp the contribution that the activity of external 
representation brings to problem solving, for certain complex arithmetic 
problems. 

And clarify the function that this activity of external representation 
plays for the child within the process of problem resolution itself. 

Research Questions ; 

1. When a problem is posed to a child to be solved, is the activity of 
external representation spontaneous or not? If spontaneous, to what 
elements is this activity related: grade level of the child, problem 
solving skills, type of problem presented? 

2. Does the activity of external representation help in problem 
solving? If this activity constitutes a support in problem solving, 
for what children is it a support? (related to the ability level of the 
child)? 

3. For a child, what role does this activity of external representation 
play within the process of problem resolution itself? Is this role the 
same for children of different grade level? 
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METHOD AND SUBJECTS 



Reference framework nnderlving arithmetic problems presented to 
children 

A reference framework (Denis, 1982; Carroll, Thomas et Malhorta, 
1980) was used to construct a set of complex arithmetic problems, based 
on a conceptual analysis taking into account the following variables: 

• Tape of relation hetween data . The problems selected can be 
regrouped in two general types: those that call for a temporal 
organization and those that call for a spatial organization, 

• Evocation o f images . Some of the problem lend themselves more 
easily to constructing mental images than others. 

Ponulatlon 

A heterogenous sample of 14 children was selected for each of the two 
gi-ades (5th and 6th grade, 10 years old to 12 years old). These children 
attend a regular elementary school in a middle class neighborhood in a 
suburb of Montreal. 



Selection of subjects 

Each sample group was composed of children of different ability 
levels in problem solving (4 able, 4 average and 6 weak), selected by a 
preliminary written task. 

Three aspects v/ere taken into account in the characterization of the 
skills in problem solving of the children, based on previous research in 
this area (Greeno, 1980; Mayer, 1983): conceptual, linguistic and 
procedural knowledge. 

The written task, touching these different elements, was composed of 
items on: 
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• solving complex arithmetic problems 

• correction of problems 

(with missing, superfluous or non-related facts) 

• formulation of problems (for given constraints) 

The experiment: strutured individual interviews 

Each child was given a set of complex arithmetic problems selected 
from a previous bank of problems (Bednarz* Janvier, Poirier, Biron, 
1986), and based on the reference framework presented above. 

Some of the problems were common to each grade level (5th and 6th) 
while others were common to both the preliminary written task and the 
interview. 



TASK 
Protocol 

Five complex arithmetic problems were presented to children in 
grades five and six (3 with temporal organization of data, 2 with spatial 
organization). These problems were randomly ordered, and presented to 
child one at a time. Each child was interviewed individually outside the 
classroom. Each interview was videotaped. 

For each problem, the protocol includes several steps: 

• reading of the problem by the interviewer 

• reformulation of the problem by the child. (This reformulation 
is the first index of the representation that the child constructs 
of the relation between the data of the problem). 

• process of resolution after another reading of the problem by 
the interviewer (we note there the kind of spontaneous external 
representation used by the child to solve the problem). 

• process of external representation, (this process of 
representation was provoked by the interviewer). 
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process of resolution (once again the child was asked to solve 
the problem). 



RESUI.TS 

1. The activity of external representation appears spontaneously more 
frequently in grade 6 than in grade 5 (see table II). The type of 
problem presented is here determinant (this activity is clearly 
related to the variable "reference to mental images"). 

2. The reformulation of the problem (that take place between the 
written task and the first resolution of the same problem during the 
interview) seems to play an important role in the representation of 
the relations between the facts of the problem (see figure 2). This 
contribution of the activity of reformulation of the problem (table 
III) to the resolution of the problem appears to be especially 
determinant for the weaker children (skill in problem solving) (cf. 
table III). 

3. The 6th grade chilren (cf. figure 3) have a greater tendency to 
represent the structure of the problem (they represent coirectly the 
relations between the facts of the problem). In this activity of 
representation again, the t3rpe of problem appears determinant: the 
problems that most appear to evoke a correct representation are the 
problems that call for a temporal organization, and refer to mental 
images. 



CONCLUSIONS 

1. The role of the external representation seems to be closely related to 
the age of the problem solver and to the type of problem presented: 

• the older children (6th grade) have greater recourse to 
representation to illustrate the relations between the data of 
the problem, and relations are at this grade level more correctly 
represented. 
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• the discursive representation (reformulation of the problem by 
the child) seems easier in the problems that call into play a 
temporal organization. Among these, the problems invoking a 
mental image are more easily represented (schemas, 
illustrations...). 

2. The activity of external representation (in particular the activity of 
reformulation) seems to play a role in problem solving, particularly 
for the weaker children. 

Pedagogical consequences 

The recourse to formulation, and reformulation of problems by 
pupils is a tool that could prove to be interesting as a learning strategy in 
problem solving. 

A number of teachers take for granted that the activity of pictorial 
representation of a problem constitutes a support to understand and solve 
the problem. The results here show that we need to take into 
consideration a number of factors in this activity of representation of the 
problem (type of problem, age...). 

REFERENCES 

Bednarz, N., Janvier, B., Poirier, L., Biron, D. (1986). Influence du dessin sur la 
resolution de problemes ecrits mettant en jeu un certain dynamisme: protocole 
d'experimentation. Cahiers du CIRADE . Universite du Quebec a Montreal. 

Carroll, J.M., Thomas, J.C., Malhorta, A. (1980). Presentation and Representation in 
Desing Problem-solving. British Journal of Psychology . 71, pp. 143-153. 

Denis, M. (1982). Representation Imagee et resolution de problemes. Revue Francalse de 
Pedagogic . 60, juHlet-aout, p. 19-29. 

3reeno, J.C. (1980). Analysis of Understanding in Problem-solving, dans R.H. Kluwe et 
H. Spada (Eds.): Developmental models of thinking . Academic Press. 



ERiC 



7 

Mayer, R.E. (1983). Thinking. Problem Solving. Cognition . New York: Freemai.. 



TABLE 1 



Problem structure 


Examples of problems given 
to children 


Other variable 


Temporal otTtanUxtJon 


iProblcin 1 

Alain and his friends arc pUjrinj; a fame 
In miilch thry can win or ioac counters. 
Thtr Kanic haa been golnj! en Sor a vhUe 
and U h now Alaln*f turn a^aln. He pUys, 
loses 7 eountcrs and is aUo^rd an Immr- 
dUtc other triuL Knottin;: thct he hflfc nov 
9 eounlrr> more than prior to tht last tu'o 
trUls. teU me If Alain won or k>si eoimters 
at hU second trial and bow many? 
Problem -ffvcn in padea: 5 and 6 


No reference to mental 
imapcs. 


GpatLU oz^uiixation 


Problem 2 

In a certain rataorant, we hare a 
choice of a meat dlah or a fish dUh. 
%lth the fiah dlah we bare a choice 
between 2 kinds of TegeUblea: 
mushrooms or maaheid potatoca . 
Tt «ui UlC mcai vuan wc oaTc a cnosce 
between 8 kinda of ^etablca: frcrrch 
tries, carrota or tumipa. Fordeaert. 
We have a dboioe of kc cieain or trnh 
aalade. 

How many different kinds of complete 
meals can be offered? 
IMblcm - fircn in fxade: 6 


Kcfezcsce to mental bnafea 



TABLE II 

SPONTANEOUS RECOURSE TO A REPRESENTATION 



7"**^J?rpblems Tariablca 
Grade " ^""-"^^^ 


Temporal organization 


8p£tial organization 




Images 


No reference to 
mental Images 
(el T^lo Z. problem 1) 
tor example 


Imaj:<cs 

(ef. T^ble t problem 2) 
jfor ouunple 


No reference to 
mental images 


5e 




0% 


36% 


7% 




43% 


31% 


71% 


S&% 



TABLE III 

ANALYSIS OF PROCRBSS IN RELATION TO PROBLEM ftOLVINC SKILLS IN 6TH GRADE (5TH GRADE) 



dumber of jproblemt 
SkUli ....wbert ws» 
KuxDber of subjrctt — Lchanfic 


1 


3 


3 


Ve«k 


C/6 (4/6) 


4/6 (0/6) 


2/6(0/6) 


Average 


8/4 (3/4) 


1/4(0/4) 


0/4 (0/4) 


Able 


2/4 (0/4) 


l/<(0/4) 


0/4 (0/4) 



FJGURE lu 



SPONTANEOUS RECOURSE TO A REPRESENTATION 
AND PROBLEM 60L\aNG SKILLS 



FJGUKE lb 



SPONTANEOUS RECOURSE TO A REPRESENTATl 
AND PROBLEM 60L\aNG SKILLS 
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0/4) 




0/c; 



We4V« 

Able. 



T.O.: Temporal oT^anlzAdon 
CO.: Spatui oTiianixaUon 

Pb3: C\Tnna*dc 
Pb4: Comblivattant 



1^ SOU 



25H 



0% 




Able* ■ 



rr.o.: W) 



Pb4 



■i/C) 

"( /<) 
'( /4) 



Fb 1: Window waahcTft 
Pb3: Gymnastic 
Fb 4: Combinat>7m 



I FIGURE 2a 



PERFORMANCE IN W7UTTEN TEST. DURING THE INTERXTEW 
BEFORE REPRESENTATION AND AFTER REPRESENTATION 
CPR0BLEM6 IN COMMON TO WRITTEN TEST AND INTERVIEUl 



B**»fT»de 



FIGURE 2b 



PERFORMANCE IN WRITTEN TEST. DURING INTER\TEW BEFORE 
REPRESENTATION AND AFTER REPRESENTATION 
(PROBLEMS IN COMMON TO V^TUTTEN TEST AND INTERVIEW) 
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00/1 4) 




Hi2 

rr.o.: 1.) 



rb4 
(S 0.:1*) 



Wrltkri leat* • 
Ci»1uU(in N « 
lM>1ulloti 3* • 



I 4 : Rcfrrln^ to tma^ra 
i • : Not rrfriinc to Imax^ 
rb 2: Counlrra 

4: ConilflnaQoTM 
PbS: Candlea 



Wriilcn ltai» • 
Solution !■ ■ 
6olullon 3» ' 



Preble mi 



n,» I: Wtndow'Waahm 
n> 3: Counter* 
n> 4: ComblnaQonii 
FliD: CandW* 
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FIGURE 3 



REPRJESENTATION OT THE STRUCTURE OF THE PROBLEM 

AS A ruNcnoN or ace and t^te of problem 



I'- 



3SH 



0^ 



(14/U) 



D 1/141 




P/HJ 
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tr.o.: 1.) 
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rb4 
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Pb 1: Window era 
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Fb 4: CombUutioni 
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